Objective-To test the hypothesis that high concentrations of extracellular inorganic pyrophosphate (PPi), which associate with increased cell synthesis and turnover in cartilage, may act as a marker for structural outcome in knee osteoarthritis (OA). Method-One hundred and thirty five consecutive patients referred to hospital with knee OA (59 men, 76 women; mean age 71 years, range 41-88) were followed prospectively for a median of 2 5 years (interquartile range 1-75-3-0). Synovial fluid (SF) aspirated at presentation (202 OA knees: 68 bilateral, 66 unilateral) was assessed for PPi content by radiometric assay. Knee radiographs at presentation and at final review were assessed for change in global (Kellgren) 
Inorganic pyrophosphate (PPi) is a by product of many essential biosynthetic reactions in mammalian cells.' There is no recognised transmembrane transport mechanism for PPi, and two mechanisms are postulated to contribute to extracellular PPi levels: first, leakage of intracellular PPi or coextrusion with other cellular products;' second, and more importantly, salvage degradation of extracellular ATP by ectoenzymes, including nucleotide triphosphate pyrophosphohydrolase. 8 Increased cellular activity and division may lead to elevated extracellular concentrations of PPi by either mechanism. ' In articular tissues, the chondrocyte and its associated vesicles are considered the principal source of extracellular PPi. LA 8 Concentrations of PPi in knee synovial fluid (SF) are increased in osteoarthritis (OA) and in OA associated with calcium pyrophosphate dihydrate (CPPD) crystal deposition ('chronic pyrophosphate arthropathy').5 Both these conditions are characterised by increased metabolic activity in cartilage and by new bone formation.9 In contrast, subnormal levels of SF PPi occur in knees affected by rheumatoid arthritis,7 a condition associated with marked attrition of cartilage and bone. Such observations suggest the possibility that increased concentrations of PPi resulting from increased biosynthetic activity may act as a marker for a potentially 'hypertrophic' (as opposed to 'atrophic') response to articular insult. 7 9 If this were true, SF PPi levels might be expected to correlate with structural change and radiographic outcome in OA. This study was undertaken to test this hypothesis.
Patients and methods The study was approved by the local research ethics committee. Consecutive patients referred with symptomatic knee OA to one general rheumatology clinic were recruited over a two year period. Details of these patients, part of a larger cohort, have been described previously.'0"1 Alternative arthropathies were excluded by clinical examination, blood tests (serology, acute phase response), microscopy of SF, and radiographic screening." Knee OA was defined radiographically, from standing fully extended anteroposterior and 300 flexion lateral views, as presence of joint space narrowing with osteophyte, sclerosis, or both, in at least one knee compartment (patellofemoral, medial tibiofemoral, lateral tibiofemoral). (table 2) . The median duration of follow up was 2-5 years (interquartile range 1-75-3-0). Over this period, 164 knees showed change in at least one radiographic feature, and 38 knees showed no change. Table 3 shows the frequency of change in each radiographic feature during the study. In the 68 patients with bilateral data, there was close agreement between right and left knees for change in each radiographic feature ( ,umol, range 0 07-72A40). In the 68 patients for whom there were bilateral SF data, there was correlation between levels in right and left knees (r2 = 0 84). Levels were significantly greater in women than in men (median ,umol (950/o CI 9-3 to 14-8) compared with 7-2 ,umol (95% CI 6-6 to 9-8), respectively) (p < 0-0 1) and increased significantly with increasing age of the subject (median 9-1 ,umol (95% CI 7-2 to 12-8) for age <80 years, compared with ,umol (95% CI Increase in sclerosis 36 18 Development of attrition 44 22 Increase in Kellgren grade 86 46 11-9 to 16-3) for age >80 years) (p<0-01 Table 4 shows results for change in Kellgren grade and change in individual radiographic features when PPi was examined as a continuous variable, and when PPi levels were grouped as quartiles, for which the ranges of values were: 0-07-5-5 ,umol (1st quartile); 5-6-10-5 ,umol (2nd quartile); 10-6-16-9 pLmol (3rd quartile); 17-0-72-4 pmol (4th quartile).
High levels of PPi associated negatively with increase in Kellgren scores and increase in osteophyte, but positively with development of attrition. No linear association between PPi levels and change in either narrowing or cyst was discerned; for these two features both very low (1st quartile) and very high (4th quartile) PPi levels showed greatest tendency to change. Low levels of PPi associated with change in sclerosis. However, when logistic regression was used to examine PPi as a continuous variable, with age, gender, and 'dummy' patient variable included in the model, two of these associations remained: the negative association with change in Kellgren score (odds ratio (OR) 0-97, 950/n CI 0 95 to 0 99), and the positive association with development of attrition (OR 1-04, 95% CI 1-02 to 1-07). A negative association between age and change in osteophyte (OR 0 97, 95% CI 0 94 to 0 99), but a positive association between age and attrition (OR 1-05, 95% CI 1-04 to 1-09) were also observed. No associations were found between PPi and change in osteophyte, cyst, or sclerosis.
Discussion
There is considerable interest in putative 'markers' of OA, with most attention focusing on components of cartilage, synovium, or bone There is no agreed method of assessing structural change or its progression in knee OA. Plain radiographs have several inherent problems, for example standardisation of positioning, magnification, and film quality, insensitivity for change, and problems with observer error. In this study we used standardised standing films to achieve better visualisation of loss of interosseous distance in tibiofemoral compartments,'4 18 and lateral flexion views for the patellofemoral compartment. Although we recently reported that the 'skyline' view has certain advantages over the lateral flexion view, '9 we were using lateral views alone at the start of this study. The same technique and film were used for all radiographs, and a large number of knees were studied. The global scoring system of Kellgren and Lawrence'3 is commonly used, but assumes that different features of OA progress together. Separate grading of individual features'4 is less commonly used, but may be more sensitive to change," and assumes no particular hierarchy with respect to progression. We therefore used both scoring systems in this study, having shown good intra-and interobserver reproducibility for both systems in this same study population." " We found a negative association between PPi levels and change in Kellgren grade, but different (negative and positive) associations for individual features. This finding alone supports the need to consider individual features in outcome 'marker' studies. It may also explain in part the lack of difference between knees showing any change and knees with no change, the separate negative and positive associations tending to cancel out and reduce the group difference.
An 
